ABSTRACT High resolution spectra of 110 selected red giant stars in the globular cluster M15 (NGC 7078) were obtained with Hectochelle at the MMT telescope in May, 2006 May, and 2006 October. Echelle orders containing Hα and Ca II H & K are used to identify emission and line asymmetries characterizing motions in the extended atmospheres. Emission in Hα is detected to a luminosity of log(L/L ⊙ ) = 2.36, in this very metal deficient cluster, comparable to other studies, suggesting that appearance of emission wings is independent of stellar metallicity. The faintest stars showing Hα emission appear to lie on the asymptotic giant branch (AGB) in M15. A line-bisector technique for Hα reveals outflowing velocities in all stars brighter than log(L/L ⊙ ) = 2.5, and this outflow velocity increases with stellar luminosity, indicating the mass outflow increases smoothly with luminosity. Many stars lying low on the AGB show exceptionally high outflow velocities (up to 10−15 km s −1 ) and more velocity variability (up to 6−8 km s −1 ), than red giant branch (RGB) stars of similar apparent magnitude. High velocities in M15 may be related to the low cluster metallicity. Dusty stars identified from Spitzer Space Telescope infrared photometry as AGB stars are confirmed as cluster members by radial velocity measurements, yet their Hα profiles are similar to those of RGB stars without dust. If substantial mass loss creates the circumstellar shell responsible for infrared emission, such mass loss must be episodic.
INTRODUCTION
The well-known second parameter problem in globular clusters (Sandage & Wildey 1967) , in which a parameter other than metallicity, affects the morphology of the horizontal branch, remains unresolved. Metallicity, as first noted by Sandage & Wallerstein (1960) , remains the principal parameter, but pairs of clusters, with the same metallicity, display quite different horizontal branch morphologies thus challenging the canonical models of stellar evolution and leading to the need for a 'Second Parameter'. Cluster ages have been examined in many studies (Searle & Zinn 1978; Lee et al. 1994; Stetson et al. 1996; Lee & Carney 1999; Sarajedini 1997; Sarajedini et al. 1997 ) and in addition, many other suggestions for the 'second parameter(s)' have been proposed, including: total cluster mass; stellar environment (and possibly free-floating planets); primordial He abundance; postmixing surface helium abundance; CNO abundance; stellar rotation; and mass loss (Catelan 2000; Catelan et al 2001; Sills & Pinsonneault 2000; Soker et al. 2001; Sweigart 1997; Buonanno et al. 1993; Peterson et al. 1995; Buonanno et al. 1998; Recio-Blanco et al. 2006 ). Many authors (Vandenberg et al. 1990; Lee et al. 1994; Catelan 2000) have proposed that more than one second parameter may exist in addition to age. One parameter may be mass loss which, as Catelan (2000) notes, remains an 'untested second-parameter candidate'. This spectroscopic study addresses the presence of mass loss from luminous stars in the globular cluster M15. Subsequent papers will include other clusters. Although stellar evolution theory predicts that low-mass Population II stars ascending the red giant branch (RGB) for the first time must lose mass (Renzini 1981; Sweigart et al. 1990 ), few observations have identified the ongoing mass loss process. Evidence from the period-luminosity relation for RR Lyrae stars suggests that the luminosity variations can be accommodated theoretically if mass loss ∼ 0.2 − 0.4 M ⊙ has occurred (Fusi Pecci et al. 1993; Christy 1966) . Circumstellar CO emission in M-type irregular and semiregular asymptotic giant branch (AGB)-variables implies mass loss rates on the AGB ∼ 10 −7 − 10 −8 M ⊙ yr −1 (Olofsson et al. 2002) . Indirect evidence of mass loss processes would be detection of an intracluster medium. These efforts have been marginally successful. Diffuse gas (< 1 M ⊙ ) was suggested in NGC 2808 through the detection of 21−cm H line emission (Faulkner et al. 1991) , but has remained unconfirmed. Ionized intracluster gas was found in the globular cluster 47 Tucanae by measuring the radio dispersion of millisecond pulsars in the cluster (Freire et al. 2001) . The central electron density was derived (n e = 0.067 ± 0.0015 cm −3 ) and found to be two orders of magnitude higher than the ISM in the vicinity of 47 Tuc (Taylor & Cordes 1993) . Freire et al. (2001) determined the electron density in M15 using four millisecond pulsars to be higher (n e ∼ 0.2 cm −3 ) than in 47 Tuc.
Indirect evidence of mass loss processes comes also from infrared observations. Origlia et al. (2002) using ISOCAM images found a mid-IR excess associated with giants in several globular clusters and attributed to dusty circumstellar envelopes. The first detection of intracluster dust in M15 was made by Evans et al. (2003) from the analysis of far infrared imaging data obtained with the ISO instrument ISOPHOT. van also presented a tentative detection of 0.3 M ⊙ of neutral hydrogen in M15. Smith et al. (1995) placed an upper limit of 0.4 M ⊙ for the molecular gas in M15 from CO observations with the 15-m James Clerk Maxwell Telescope on Mauna Kea. Using the Spitzer Space Telescope, Boyer et al. (2006) detected a population of dusty red giants near the center of M15. Observations from Spitzer with the Multiband Imaging Photometer for Spitzer (MIPS) also revealed the intracluster medium (ICM) discovered by Evans et al. (2003) near the core of the globular cluster. As Origlia et al. (2002) noted, the infrared detections may only be tracing the outflowing gas and may not be related to the driving mechanisms for the wind. More recently Origlia et al. (2007) identified dusty RGB stars in 47 Tuc and derived an empirical mass loss law for Population II stars. Mass loss rates derived from these observations showed that the mass loss increases with luminosity and possibly episodic.
High resolution stellar spectroscopy allows the direct detection of mass outflow from the red giants themselves. Emission in the wings of Hα lines in the spectra of globular cluster red giants was first described in detail by Cohen (1976) . Later observations revealed that emission in Hα is common in globular clusters and night-to-night variations can occur (Mallia & Pagel 1981; Peterson , 1982 Cacciari & Freeman 1983; Gratton et al. 1984) . These studies have shown that most of the stars brighter than log(L/L ⊙ ) ≈ 2.7 exhibit Hα emission wings. The emission itself is likely not a direct indicator of mass loss, because emission can arise from an optically thick stellar chromosphere surrounding the star (Dupree et al. 1984) . Variation of the strength of emission can also be affected by stellar pulsation (Smith & Dupree 1988) . Better mass flow indicators in the optical are the line coreshifts or asymmetries of the Hα or Ca II H&K profiles and emission features. Red giants in globular clusters (M22 and Omega Centauri) were found to have velocity shifts less than 14 km s −1 in the cores of Hα relative to the photospheric lines (Bates et al. 1990 (Bates et al. , 1993 . These results were similar to metal-poor field giants, where only giants brighter than M V = −1.7 have emission wings and the line shifts were < 9 km s −1 (Smith & Dupree 1988 ) indicating very slow outflows and inflows in the chromosphere. For globular clusters, Lyons et al. (1996) discussed the Hα and Na I D line profiles for a sample of 63 RGB stars in M4, M13, M22, M55, and ω Cen. The coreshifts were less than 10 km s −1 , much smaller than the escape velocity from the stellar atmosphere at 2 R * (≈ 50 − 70 km s −1 ). Dupree et al. (1994) studied 2 RGB stars in NGC 6752 and found that the Ca II K and Hα coreshifts were also low (less than 10 km s −1 ). However, asymmetries in the Mg II lines showed a stellar wind with a velocity of ≈ 150 km s −1 , indicative of a strong outflow. Mg II lines are formed higher in the atmosphere than Hα and Ca II K, which suggests that the stellar wind becomes detectable near the top of the chromosphere. A detailed study was carried out by Cacciari et al. (2004) , who observed 137 red giant stars in NGC 2808. Most of the stars brighter than log(L/L ⊙ ) = 2.5 clearly showed emission wings in Hα. The velocity shift of the Hα line core compared to the photosphere is less than ≈ 9 km s −1 . Outward motions were also found in both Na I D and Ca II K profiles. This paper discusses high-resolution spectroscopy of the Hα and Ca II H&K lines of red giant stars in M15. Our deep sample of M15 giants in this metal poor cluster ([Fe/H]=−2.26) offers a good comparison to other studies of more metal rich clusters. Also, the high radial velocity of M15 (−105 km s −1 ) minimizes contamination by interstellar absorption in the profiles of resonance lines.
OBSERVATIONS AND DATA REDUCTION
Observations of a total of 110 red giant stars in M15 were made in May, 2006 May, and 2006 October with Hectochelle on the MMT (Szentgyorgyi et al. 1998) . Hectochelle uses 240 fibers each of which subtends ∼ 1.5 arcsec in the sky. Hectochelle covers 1 degree of sky, yet the apparent diameter of M15 is only ∼10 arc minutes, so that about 50−60 red giants could be measured in M15 for each configuration. The requirement that fibers can not be placed closer than 2 arcsec apart further constrains the target selection. In addition, we wanted to search for variability which led to multiple visits for many targets over the 17 month span. Software (xfitfibs) has been developed at CfA to optimize the fiber configuration with specified priorities and requirements.
Targets were chosen from the catalog of Cudworth (1976) to have a high probability (> 95%) of membership and to provide smooth coverage of the RGB and AGB within the constraint of the fiber placement on the sky. The color magnitude diagram (CMD) of the observed cluster members can be seen in Figure 1 and they are listed in Table 1 . Coordinates of the stars were taken from the 2MASS catalog (Skrutskie et al. 2006 ) and used to position the fibers. Additional targets from Cudworth's list with lower membership probability and field targets from the 2MASS catalog were included. Many fibers were placed on the blank regions of the sky in order to measure the sky background in detail. The sky fibers were equally distributed in the observed field to cover a large area around the cluster. Since Hectochelle is a single-order instrument, two orders were selected with order-separating filters: Hα (region used for analysis λλ 6475 − 6630) 6 , and Ca II H&K (region used for analysis λλ 3910 − 3990) to give 155Å centered on the principal spectral features in Hα and 80Å in Ca II H&K. The spectral resolution was about 34,000 as measured by the FWHM of the ThAr emission lines in the comparison lamp. Exposures in each of the two orders are summarized in Table 2 .
Data reduction was done using standard IRAF spectroscopic packages. The IRAF package ccdproc performed the trimming and the overscan correction and made the bad pixel mask. The average bias image was subtracted from every spectrum. Correcting with the dark images was not necessary because even in the 40 minute dark exposures the intensity was very low [3 − 4 analog digital units (ADU) per pixel]. To find and trace the apertures, ten flat images were taken with the continuum lamp of 10 seconds exposure time each. The focal plane of Hec-tochelle consists of a mosaic of 2 CCDs that are slightly misaligned. The aperture finding algorithm fails near the crack between the two CCDs, so manually editing the apertures and reordering them was necessary. Some apertures were deleted from the edges of the CCD and a total of 240 orders was extracted. To correct for the pixel-to-pixel variations, the averaged continuum flat exposures for each configuration were fitted with a 21st order spline function (using the IRAF task apflatten) and used to divide the corresponding object spectra by the normalized flat. A region 13−pixels wide was used for the aperture extraction. Wavelength standards, using Thorium-Argon (ThAr) hollow cathode lamps were taken to define the wavelength scale; each ThAr image had 900 seconds of exposure time and was taken at the beginning of the night. We identified 15 − 20 strong ThAr emission lines in the first aperture, then propagated these identifications to every other aperture manually to check the accuracy of the fit. During the calibration the rms of the wavelength fit had to be between 0.01 − 0.002Å to reach the theoretical resolution of the spectrograph. If the error of the fit is larger than this, it will be comparable to the expected width of the ThAr features (0.1 − 0.2Å) and increase the error of the wavelength solution. The continuum flat images were used to correct the throughput for each aperture using a region close to the CCD center containing 5 − 7 neighboring fibers. An average of the selected continuum flat apertures was taken and divided into all other apertures in the same exposure and was used to correct the vignetting and fiber-to-fiber throughput deviation.
The extracted spectra also contain sky background which had to be subtracted. Some of the sky apertures showed weak Hα and other photospheric lines suggesting very faint stars in those positions. Also very bright stars can cause scattered light in the neighboring apertures on the CCD, but this becomes visible only if the aperture has more than 8000 − 10000 ADUs per pixel. The brightest stars reached 10000 ADUs per pixel in the 40 minute exposures and some apertures contained very low level scattered light. Every sky aperture was checked carefully and those where faint stars or scattered light were found were discarded. A median filtered sky was used for the subtraction, but sky subtracted skies frequently contained additional counts, which changed aperture by aperture and by wavelength. In Figure 2 , sky intensity versus wavelength and aperture is plotted. Between aperture numbers 100 and 150, especially at longer wavelengths, the apertures have higher intensity. The dark images did not show high intensity features and the intensity pattern in Figure 2 is currently not understood. To subtract the sky, the images were divided into 3 different aperture sections, and the sky subtraction was done with one of two methods. In the first and third segments (corresponding to aperture numbers 0 − 100 and 150 − 240), the intensity appears constant as a function of aperture number and wavelength so the median filtered spectrum could be used for subtraction. The middle region spanned aperture numbers 101 to 149. In this region the sky was subtracted from every target aperture using the average of 3 closest sky apertures on the CCD itself.
In the 2005 May spectra of Hα, the filter's central wavelength was offset by ∼ 80Å placing the Hα line near the long wavelength end of the CCD. Fluxes at wavelengths shorter than Hα were abnormally low, because the grating was so far off the blaze angle. The wavelength regions spanned by the OB25 filter differed between the 2005 and 2006 observations; however both contained the Hα line and photospheric lines. . Studies of metal deficient field giants found emission in objects brighter than M V = −1.7 (Smith & Dupree 1988) , whereas in the metal rich cluster NGC 2808 the detection threshold for emission was set at M V = −1.0 (Cacciari et al. 2004) . It is well documented that the presence of Hα varies with time, and this appears to be the most likely explanation of the differences in the detection level of the Hα emission.
For comparison on a luminosity scale, unreddened colors for M15 stars were calculated taking E(B−V ) = 0.10, E(V − K) = 2.75E(B − V ), and apparent distance modulus (m − M ) V = 15.37 (Cardelli et al. 1989; Harris 1996) . The effective temperatures, bolometric corrections, and luminosities were obtained from the V − K visual colors (Table 3 ) using the empirical calibrations by Alonso et al. (1999 Alonso et al. ( , 2001 ) and the cluster average metallicity [Fe/H]=−2.26 (Harris 1996) .
Stars brighter than log(L/L ⊙ ) = 2.36 can exhibit emission, and all together ∼ 46% of these show Hα emission. The asymmetry of the Hα emission wings was noted for emission above the continuum level where B represents the strength of the short wavelength (blue) emission and R denotes the strength of the long wavelength (red) emission. Figure 7 shows the CMD for our targets where the asymmetry of the Hα line is indicated. The frequency of Hα emission increases with the stellar luminosity, however the line asymmetry is not correlated with color and luminosity. Stars with B<R and B>R seem equally distributed in luminosity. Among stars with emission, the majority (∼ 75%) exhibit emission wings with B>R, a signature generally considered to indicate inflow of material.
Spectra of 29 stars with Hα emission were obtained in both 2005 and 2006 . All but two of these stars showed significant changes in the line emission which either appeared, or vanished, or changed asymmetry (see Table 4 , and Figures 3−6).
Radial Velocities
To measure accurate radial velocities we chose the cross-correlation method using the IRAF task xcsao. Using the ATLAS (Kurucz 1993 ) code, we synthesized the spectrum of a red giant star, K341, in M15. This is a bright star with a high quality spectrum, thus the comparison between the observed and modeled spectrum is optimum. The physical parameters of our template spectrum were the following: (Sneden et al. 2000) . This spectrum is computed in LTE and a chromosphere was not included in the atmospheric model. The comparison between the template in our cross-correlation and the observed Hectochelle spectrum can be seen in Figure 8 . The region selected for the cross-correlation spanned 6480Å to 6545Å purposely omitting the Hα line. The telluric and photospheric lines were identified using the synthesized spectrum of K341. In this region there are many telluric lines of water vapor. These lines appear in the cross-correlation function profile as an additional peak, well separated from the cluster velocity, and so the measured stellar radial velocity is not affected. To verify our radial velocities, we cross-correlated a narrow region λλ 6480 − 6500 where no strong telluric lines are found. Cross-correlating this narrow region results in the same radial velocity as from the broader window, but with a larger (1−2 km s −1 ) error. The Hα spectra of our targets were also crosscorrelated against several hundred spectra calculated by Coelho et al. (2005) covering temperatures between 3500 and 7000 K and metallicities between [Fe/H]=−2.5 and +0.5. These velocities from the Coelho spectra agreed within 1 to 2 km s −1 with our earlier determination using only the K341 template, because the same photospheric Fe and Ti absorption lines can be found in all the spectra.
There is good agreement between our radial velocities from the 2005 data and those of Gebhardt et al. (1997) and Peterson et al. (1989) (see Figure 9 , top panels). Gebhardt et al. (1997) used an Imaging FabryPerot Spectrophotometer with the Sub-arcsecond Imaging Spectrograph on the Canada-France-Hawaii Telescope and observed 1534 stars in M15 with velocity errors between 0.5 and 10 km s −1 . Peterson et al. (1989) used echelle spectrographs on the MMT, the 1.5 m Tillinghast reflector of the Whipple Observatory on Mount Hopkins, and the 4−m telescope of Kitt Peak National Observatory. Peterson et al. (1989) quote an average error of 1 km s −1 , but the stars in common with our sample have larger errors (1−2 km s −1 ). However the Hectochelle velocities from 2006 display a systematic offset from the 2005 measurements of the same stars (see Figure 9 , lower panels). This offset amounts to +1.9 ± 0.5 km s −1 and +0.9 ± 0.5 km s −1 for 2006 May and Oct 2006 respectively, and the data in Table 5 were corrected for this systematic offset. The radial velocities of the sky emission lines show the same effect. In 2005, all of the sky emission lines were at 0 km s −1 and in 2006 May were at −2 km s −1 , yet the wavelength calibration of the 2006 data appears to be as accurate as 2005. The source of this offset comes from revisions made to the calibration system of Hectochelle that changed the illumination in the spectrograph. The amount of the offset is small, and does not affect determination of cluster membership. The average cluster radial velocity was calculated using velocity-corrected data from all four observations. Our value is −105.0 ±0.5 km s −1 , which is slightly lower than the cluster radial velocity (−107.0 ± 0.2 km s −1 ) quoted in the Harris (1996) catalog.
Previous studies suggested that several of our sample stars are binaries. Significant velocity variations, ≈ 6.5 km s −1 , for K47 were found by Soderberg et al. (1999) , but our measurements showed only 0.9 km s ). K757 and K825 were suggested as binaries by Sneden et al. (1997) from the asymmetric line profiles; weak satellite wings were visible for nearly all spectral lines. We have only one observation of K825, but K757 changed by 6.2 km s −1 , which could indicate that this star is a binary. Drukier et al. (1998) found 17 cluster members of M15 showing possible radial velocity variability. Four of these stars were observed with Hectochelle, but only one of them, K92, was observed more than once. This star showed 1.4 km s −1 variability between 2005 May 22 and 2006 October 7, but the error of these observations was close to 1 km s −1 . Six additional stars showed velocity changes larger than 2 km s −1 , which could indicate these stars are binaries: B5 (6.8 km s −1 ), B30 (2.9 km s −1 ), K757 (6.2 km s −1 ), K1084 (2.6 km s −1 ), K1097 (2.1 km s −1 ), and K1136 (3.0 km s −1 ). Some of the M15 targets selected from the proper motion study of M15 (Cudworth 1976 ) turned out to have substantially different radial velocities from the cluster average (see Table 6 ) and are not likely to be members of the cluster. These stars are not included in the spectroscopic analysis.
Bisector of Hα Lines
The core of the Hα line is formed higher in the stellar chromosphere than the line wings and is expected to give an indication of the atmosphere dynamics. We first measured the position of the Hα absorption line core relative to photospheric lines using the IRAF task splot. We found an error in the wavelength scales depending on the aperture number that prevented measurement of the core offset of Hα to better than ± 2 km s −1 . At present, we believe that the different light path of the ThAr comparison lamp from that of the stellar spectra causes this error, which appeared as a variable 'stretching' of the wavelength scale dependent on aperture and zenith distance of M15
7 . Thus, a better approach to the velocity differences consists of measuring the line asymmetry using a line bisector. The difference between the centers of the line core and of the line near the continuum level gives a measure of the atmospheric dynamics through the chromosphere. To accomplish this, the line profile was divided into 20 sectors in normalized flux. The top sector was usually between 0.7 and 1.0 of the continuum in the normalized spectrum, the lowest sector was placed 0.01 − 0.05 above the lowest value of the line depending on its signal-tonoise ratio. The velocities of the Hα bisector asymmetry (v bis ) are calculated in the following way: the top and the bottom 3 sectors are selected, the wavelength average of each sector is calculated, then subtracted one from another and changed to a velocity scale. The bisector velocities, v bis , are shown in Figure 10 and listed in Table 7 . A negative value corresponds to an outflowing velocity. Probable errors for these measurements were formally calculated and range from 0.5 km s −1 to 1.5 km s −1 for the brightest to faintest stars respectively. Stars fainter than log(L/L ⊙ ) = 2.5 (V ≈ 14.20) did not show Hα asymmetry and v bis was nearly zero. Stars brighter than log(L/L ⊙ ) = 2.5 (V ≈ 14.20) showed asymmetry and in almost every case the line profile was blue shifted. This magnitude limit is comparable to the luminosity limit of stars showing emission, however stars with a blue shifted Hα core did not always show emission wings. The core velocity evidently is a more sensitive diagnostic of outflows. The amplitude of v bis correlates with the luminosity ( Figure 10 ). Where AGB stars are well separated in color from the RGB stars, near logL/L ⊙ =2.3 to 2.6, the AGB stars exhibit larger values of v bis and more variability than RGB stars (Figure 11 ). At higher luminosities, where the AGB and RGB objects can not be distinguished from one another in the CMD, the bisector velocities are all significantly higher than stars at fainter magnitudes on the RGB. , not shown in these figures, exhibit Ca emission too. The spectra had low signal to noise ratio (S/N ≈ 15 − 20 in the continuum and ≈ 5 − 10 in the core) and it is difficult to identify emissions in many cases. Continuum normalization is challenging in this spectral region because spectral synthesis demonstrates that hundreds of absorbing lines generally depress the continuum substantially. A low order Chebyschev function was used to fit and normalize the local continuum away from the strong Ca II lines. In many stars, the noise may be comparable to the emission in the core of the K line, preventing measurement of the radial velocity of the central self-absorption in almost all spectra. The presence of emission is determined by eye by comparison to the synthesized spectrum of K341 constructed with the Kurucz code (Kurucz 1993 ) using the physical parameters described in Section 3.2. This model spectrum contains only photospheric lines and no chromosphere was included in the model, thus making it excellent for detection of emission. It is clear that the stellar spectrum in the line core does not reach zero flux as would be expected in such a deep photospheric line. Some additional counts in the core may come from the inaccurate sky subtraction. We found fourteen stars out of 53 stars where Ca II K emission is definite or highly likely. Eleven of these stars showed Hα emission when measured one day earlier in 2005. In the 11 stars where the Ca asymmetry is obvious, the ratio of the blue to the red side of the Ca K emission core (the core asymmetry) could be assessed (see Table 8 ) and in 6 out of the 11 cases, the core asymmetry differed from the asymmetry as noted in Hα. The magnitude of the faintest star showing Hα emission above the continuum varied among our 4 observations. This is not surprising based on the variability in the presence, strength, and emission asymmetries found by us and by others (Cacciari & Freeman 1983) . The spectra of 2005 May 22 reveal emission in the faintest giant, K582, at log(L/L ⊙ ) = 2.36 (V=14.48). This star and several others (K158, K260, K482, K875, K979) displaying emission may be located on the AGB as judged by the CMD (Figure 7) where they are distinct from the red giant branch. Stars brighter than V ∼ 14 can not be clearly separated into AGB and RGB from the colormagnitude diagram alone.
Inspection of the bisector velocities reveals differences among the red giant stars. None of the stars brighter than V ∼ 14.5, log(L/L ⊙ ) > 2.4 − 2.5 have red-shifted Hα cores ( Figure 10 ); all are blue-shifted or exhibit no shift at all. This luminosity cutoff corresponds also to the limit of the Hα emission wings which suggests that the blue-shift and the emission are related. The emission wings arise deep in the chromosphere as models have shown (Dupree et al. 1984; Mauas et al. 2006) , and the dynamics of the upper chromosphere are reflected in the line core. Motions start in the lower atmospheric layers and then progress outward through the chromosphere. The amount of the bisector shift increases with stellar luminosity (Figure 10 ).
There are several stars that show faster outflow asymmetries than the generally low-speed outflows near logL/L ⊙ =2.3 to 2.6 (Figure 10 ). These stars, K158, K260, K582, K875, and K979 display bisector velocities ranging from −6.7 km s −1 to −13.2 km s −1 in comparison to the remainder of stars in that magnitude interval where bisector velocities are typically less than −5 km s −1 . One of these stars, K260 showed the largest change in core-shift velocity measuring −3.0±1.2 km s The position of the high-outflow stars in the CMD suggests they are AGB stars since they lie blueward of the fiducial AGB in Figure 7 . These objects appear to be AGB stars, and the relatively high outflows mark the presence of a substantial stellar wind. However, as Figure 11 shows, other stars near the fiducial AGB do not have high outflow velocities. If these low velocity objects are also AGB stars, then this argues for an episodic outflow.
The asymmetry of the Hα wings indicates that most of the giant stars have inflow motions in the region where the wings are formed. Since it appears likely that these stars are pulsating (Mayor et al. 1984) , although this may be controversial for the metal deficient field giants (Carney et al. 2003) , it is of interest to compare the asymmetry pattern with that of Cepheids which are known pulsators. One well-studied Cepheid, ℓ Car (HD 84810), shows variable emission wings in Hα similar to those found here (Baldry at al. 1997 ). The appearance of B/R < 1 asymmetry generally coincides with blueshifted photospheric metal absorption lines; and the converse applies, when B/R > 1, the photospheric lines are red-shifted. So a dynamic linking clearly exists between the photosphere and the regions forming the Hα line wings. The radial velocity of this long-period (35 days) Cepheid shows photospheric red-shifts for about half of its pulsation period, and 'inflow' Hα line asymmetries for about 0.35 of its period. Inspection of radial velocity curves from metallic lines shows that longer-period Cepheids have red shifts for a greater proportion of their pulsation period (Nardetto et al. 2006; Petterson et al. 2005 ). Thus it is not surprising that the Hα profiles in the red giants in M15 show a dominant inflow asymmetry.
Models for dust-free Mira stars (Struck et al. 2004) indicate that lower levels of the atmosphere can support radial pulsations which develop into a steady outflow at larger distances. A similar behavior is suggested by the outflows detected in the cores of the Hα lines for the M15 giants. Models of the Hα line profiles for metal deficient giants show that the core is formed at a mass column density substantially above the region forming the wings (Dupree et al. 1984; Mauas et al. 2006 ). Such models for red giants are needed to explore the dynamics of the atmospheres and to evaluate the mass loss rate.
Ca II Emission
Fourteen of the red giants showed emission in Ca II K and 12 spectra are shown in Figures 12 and 13 . The lower luminosity limit is at least the same as found for the presence of Hα emission, namely log(L/L ⊙ ) = 2.36. The luminosity limits of Ca II K 2 emission and Hα appear to be related. Calcium emission may well extend to fainter limits; our spectra of fainter stars did not have sufficient signal to identify emission in the center of the deep photospheric Ca II line. However, three of the stars displaying Ca II K emission do not have Hα emission, but this is not suprising since the presence of Hα emission is known to vary (see Table 4 ). While the spectra are noisy, the Ca II K asymmetries seem to include all possibilities: B < R, B = R, B > R. These asymmetries differ in 6 stars from the asymmetries of the Hα wing in each star. Such a difference is not unexpected since the regions of formation of the Ca K core and the Hα wings are separated in the atmosphere of a giant (Ca K 2 emission forms higher in the atmosphere than Hα wings); additionally Hα shows variations in asymmetries over a few days (Cacciari & Freeman 1983) which could contribute to the differences.
Comparison with Other Studies
A detailed spectroscopic study (Cacciari et al. 2004) was made of 137 RGB stars in NGC 2808 which extended to ∼ 3 magnitudes below the tip of the red giant branch. The majority of their targets were at lower resolution than we have here, however 20 were sampled at high resolution. Emission in Hα was detected down to a limit of log(L/L ⊙ ) = 2.5 which is about 0.15 magnitude brighter than we find in M15. NGC 2808 is more metal rich ([Fe/H]=−1.15, Harris (1996) ) than M15 ([Fe/H]=−2.26, Harris (1996) ) which may account for the slight difference. On the other hand, the distance modulus for M15 was recently determined to be 15.53±0.21 using the zero-age horizontal branch level as a distance indicator (Cho & Lee 2007 ) which would bring the luminosities into closer agreement. In the Cacciari et al. (2004) spectra taken at highest resolution, the red giants in NGC 2808 have wing emission in Hα indicative of inflow (B/R > 1) in the majority of stars, similar to our results. Other surveys generally contained only the brightest stars in the clusters, and their luminosity limits extend only to log(L/L ⊙ ) = 2.7 (Bates et al. 1993; Lyons et al. 1996) . Smith & Dupree (1988) noted Hα emissions in metal-poor field giants brighter than log(L/L ⊙ ) = 2.5.
While the luminosity limits of the Hα emission are similar in M15 and NGC 2808, the distribution of the emission with luminosity and effective temperatures differs between the clusters. Figure 14 compares the fraction of stars with Hα emission in M15 from this study with NGC 2808 (Cacciari et al. 2004) . At the same luminosity, the M15 giants exhibit a lower percentage of Hα emissions than is found in NGC 2808. However, at the same effective temperature, the fraction of stars showing emission is the opposite; fewer stars have emission at the same effective temperature in NGC 2808 than in M15. Although the fraction of stars with emission generally increases with luminosity, the differences result principally because the CMD for NGC 2808 (which is more metal rich than M15) lies at lower effective temperatures at the same luminosity. Assessing the emission fraction as a function of stellar radius (Figure 14 , right panel ) suggests that the fractions are comparable except at large values of the stellar radius. Possibly the coolest stars can not support the thick chromosphere necessary to produce emission (Dupree et al. 1984; Mauas 2007 ) and/or the pulsational characteristics of the atmospheres differ. Cacciari et al. (2004) were able to measure significant core shifts of Hα in 7 stars of their sample of giants in NGC 2808 observed with the high resolution spectrograph UVES (20 stars). Outflow velocities more negative than −2 km s −1 appear for stars brighter than log(L/L ⊙ ) = 3.16 but there is little velocity data for the fainter giants. More stars had measurable velocities in the Na D lines, and outflows from 1−4 km s −1 became apparent at log(L/L ⊙ ) = 3.1 and brighter. M4, another cluster of similar metallicity as NGC 2808 did not have coreshifts (more negative than −2 km s −1 ) either in Hα or Na D in any of ≈10 stars that have luminosities log(L/L ⊙ ) < 3.3 (Kemp & Bates 1995) . By contrast, the velocities in M15 indicated systematic outflow (more negative than −2 km s −1 ) in the H-alpha core occur at lower luminosities, log(L/L ⊙ ) = 2.5. Thus there are possible signs of a metal dependency in the outflow with higher velocities in metal poor objects. More complete sampling of outflows in other clusters is needed.
The luminosity limit (Cacciari et al. 2004) for Ca K emission lines was log(L/L ⊙ ) ∼ 2.6 which is comparable to the Hα limit in NGC 2808 and similar to the results for M15. However our data did not have sufficient signal to noise to check the fainter stars. In sum, while the chromospheric emissions appear independent of metallicity, outflows may be enhanced in low metallicity stars. Boyer et al. (2006) have observed M15 with the Spitzer Space Telescope using the IRAC and MIPS instruments. They concluded that a significant amount of dust (9 ± 2 × 10 −4 M ⊙ ) occurs near the center of the cluster and suggested that this dust comes from the mass-loss of the brightest giant stars. Twenty-three stars were identified as dusty IR sources and their IRAC colors indicate that these are AGB stars. We observed 12 of these stars (Table 1) and could confirm their cluster membership with radial velocity measurements (Table 5) . We noted one source, designated by Boyer et al. (2006) as unidentified (SSTU J212953.33 +120910.7) is associated with K272 at the same coordinates. All of the observed Spitzer stars showed blue shifts in Hα. Six of them (K224, K421, K479, K672, K709 and GEB254) have strong Hα emission, but only one (K479) had outflow asymmetry in Hα (B<R). Other stars in the Spitzer field (K144, K260, K393, K431, K447, K462, K702) were not identified as dusty stars, yet their Hα line emissions and blueshifts are similar to those stars identified by Spitzer observations as having an IR excess. Evidently not all stars produce dusty shells. The Hα emission profiles observed here do not seem to be related to a prior phase when the star produced material that cooled down to produce an IR excess.
Spitzer Stars
All twelve Spitzer stars have the same colors and luminosities as other RGB stars on the CMD (Figure 7) and their bisector velocities also show similar values ( Figure  10 ) as other RGB stars at the same luminosity. However the bisector velocity does not appear to correlate with any IRAC colors or magnitudes. The intensity ratio of short wavelength and long wavelength emission peaks (B/R) and the strength of the Hα emission wings are very similar to other stars in this color and luminosity region of the CMD. In this region, where the Spitzer sources are located, the differences between the AGB stars and RGB stars are hard to discern spectroscopically.
Spitzer showed (Boyer et al. 2006 ) that only some stars in this region of the CMD have a mid−IR excess. Assuming that the Spitzer sources must have had strong stellar winds to produce dust and the current Hα emission profiles are not related to the episode of dust production, one can conclude that the mass loss is not continuous. Origlia et al. (2002) used ISOCAM images to study red giants in globular clusters but the large pixel size of ISOCAM made it difficult to identify stellar sources. Frequently, several stars were candidates for each mid-IR source in a 15 arcsec square area, and the brightest one was selected. They concluded that strong mass loss occurred only among RGB stars located at the red giant tip [log(L/L ⊙ ) >= 3]. Not all of the luminous stars identified in this way had in IR excess indicating dust, suggesting that the mass loss was episodic. The results reported here have no ambiguity in identification, and demonstrate the presence of episodic mass loss over a much greater extent in luminosity. These stars must have passed through several active phases with very strong stellar winds during their lifetimes on the AGB.
CONCLUSIONS
Differences found in the profiles of the Hα line give insight into the atmospheric structure and dynamics. Stars which are physically larger show more emission. At a given luminosity, the M15 stars exhibit a consistently lower fraction of stars with emission, than found in NGC 2808, a cluster which is more metal rich. This suggests the M15 chromospheres may have less material than stars at the same luminosity in NGC 2808 as demonstrated by detailed modeling of emission wings and consistent with the decrease in radius with metallicity.
Stars in M15 have Hα emission wings that vary in time so that the magnitude of the faintest giant showing emission changes among the different dates of observation. The lower limit to the presence of Hα emission in M15 [log(L/L ⊙ ) = 2.36] is comparable to that found in NGC 2808 (Cacciari et al. 2004 ).
M15 exhibits continuous outflows at lower luminosities and with higher velocities than the more metal rich clusters, NGC 2808 and M4, hinting at a metallicity dependence. These outflows may decrease the chromospheric material and account for the lower fraction of stars with emission wings in M15. Detailed modeling is necessary to evaluate the mass loss rate from the line profiles. To identify mass loss as the solution to the second parameter problem will also require more complete measurements of clusters with varying metallicities.
The bisector velocity of the Hα core along the RGB indicates outflow (negative velocities) or no motion for stars brighter than log(L/L ⊙ ) = 2.5; the outflow velocity increases with increasing stellar luminosity. However, AGB stars near log(L/L ⊙ ) ∼ 2.4 have bisector velocities comparable in value to those at the tip of the RGB and also exhibit larger changes in velocity between observation than the RGB stars. We take this as evidence of more substantial and episodic mass outflow on the AGB.
Ca II K emission is detected at least to the limits of Hα emission; however, the asymmetry in the Ca II K core, where measurable, may differ from the asymmetry measured in the H-alpha wings perhaps due to time variability or different line-forming regions.
Twelve stars identified in Spitzer observations as dusty IR sources and AGB stars (Boyer et al. 2006 ) have radial velocities consistent with cluster membership. The similarities in Hα line profile characteristics between the Spitzer sources and other red giants in M15 suggests the IR emission attributed to circumstellar dust must be produced by an episodic process.
Observations reported here were obtained at the MMT Observatory, a joint facility of the Smithsonian Institution and the University of Arizona. We are grateful to the scientists at CfA who are developing and characterizing Hectochelle: Nelson Caldwell, Daniel G. Fabricant, Gabor Furesz, and David W. Latham. The authors also would like to thank John Roll and Maureen A. Conroy for developing SPICE software, Michael Calkins and Perry Berlind for their help during the observations, Robert Kurucz for the spectrum synthesis, and Martha Boyer for helpful comments on the manuscript. Kyle Cudworth kindly provided coordinates and photometry for M15 stars. Szabolcs Meszaros is supported in part by a SAO Predoctoral Fellowship, NASA, and the Hungarian OTKA Grant TS049872. This research is also supported in part by the Smithsonian Astrophysical Observatory. Durrell & Harris (1993) . Dusty giants identified with Spitzer Space Telescope (Boyer et al. 2006 ) and observed with Hectochelle, are denoted by squares. The redward "hook" seen among the brightest stars in M15 is not intrinsic to the stars but rather results from saturation of the photographic images (Sneden et al. 2000) . Absolute magnitudes are obtained by assuming (m − M ) V = 15.37 (Harris 1996) . The spectra are arranged in order of decreasing V magnitude; the brightest is at the top left and the stars become fainter from left to right. The wavelength scale is corrected for heliocentric velocity. K337 is an example of an Hα profile without emission. Stars K260 (Figures 3 and 4) , K341 (Figures 3−6 ), K757 (Figures 3 and 4) , and K969 (Figures 3 and 6 ) showed large variations in Hα emission during the observation period. (Boyer et al. 2006 ) and observed with Hectochelle, are denoted by squares. See text for discussion of the outlying stars between logL/L ⊙ =2.3 and 2.6 with velocities more negative than −10 km s −1 which appear to be AGB stars. Note. -The visual photometry is taken from Cudworth (1976); J,H,K photometry is taken from the 2MASS Catalog (Skrutskie et al. 2006 ). a Kustner (1921) is the identification for the majority of the stars denoted by K. b 2MASS coordinates (Skrutskie et al. 2006 ). Boyer et al. (2006) . d Brown (1951) . e Cudworth (1976) . f Gebhardt et al. (1997) . g B and V magnitudes are taken from Auriere & Cordoni (1981) . 
Note. -The parameter B/R is the intensity ratio of Blue (short wavelength) and Red (long wavelength) emission peaks. The symbol · · · indicates the star was not observed. If B/R ratio is > 1 the line profile indicates inflow, if B/R ratio is < 1 the line profile indicates outflow. 
